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at NLO 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Subtrac(on at NNLO 

     STRIPPER (SecToR ImProved Phase space for real Radia(on) MC ’10 
•  complete solu(on for real radia(on in top quark pair produc(on MC’11 
•  recently applied to Z ‐> e+e‐ γγ in QED by Boughezal, Melnikov, Petriello ’11 



Proof of Concept with Top Pairs 
•  First ever hadron collider calcula(on at NNLO with more than 2 colored partons.  

•  First ever NNLO hadron collider calcula(on with massive fermions. 

Bärnreuther, Czakon, Mitov `12 •  published qQ  tT + X 

•  published all fermionic reac(ons (qq,qq’,qQ’) 

•  work on the remaining reac(ons (qg, gg) progressing well. 

Czakon, Mitov `12 

qq̄ → tt̄
qq̄ → tt̄g
qq̄ → tt̄gg
qq̄ → tt̄q′q̄′ , q "= q′

gg → tt̄
gg → tt̄g
gg → tt̄gg
gg → tt̄qq̄

qg → tt̄q
qg → tt̄qg

qq′ → tt̄qq′ , q "= q̄′

qq̄ → tt̄qq̄

Computed. Dominant at Tevatron 

Computed. To appear. 



STRIPPER Ideas 
 About the phase space: 

1.  parameteriza(on of the massless system with energies and angles modified 
 to allow for a descrip(on of all collinear singular configura(ons with only two 
 variables 

2.  level 1 decomposi(on into sectors allowing for only one type 
 of collinear singulari(es 

3.  level 2 decomposi(on into sectors defining the order of singular limits 

About the subtrac(on terms: 

1.  Subtrac(on at the endpoint derived from known sod and collinear limits of 
QCD amplitudes 

2.  No analy(c integra(on of the subtrac(on terms 



Phase Space 

all collinear limits with only 
two variables 



Level 1 Decomposi(on 
most difficult  non‐trivial only because 

of sod‐collinear divergences 

trivial, because NLO type 
afach to first sector (contains same divergences) 

general case 

top quark pair produc(on 

p1 

triple collinear 

double collinear 

collinear‐singular 
configura(ons at NNLO 



Level 2 Decomposi(on 

Example from S1I 

s156 = −β2(η̂1ξ̂1 + η̂2ξ̂2 − β2ξ̂1ξ̂2η3)

−1
2
β2η1ξ1

(
2 + η2ξ2ξ̄2 − 2β2ξ1ξ2η31ξ̄2

)

triple‐collinear sector 



Subtrac(on Terms 

apply four (mes 



Subtrac(on Terms 

Example: 



Cancella(on of Divergences 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Advantages of STRIPPER 

•  Process independence 

•  Pointwise convergence 

•  Suitability for automa(on 

•  Elegance 

•  The claim: general subtrac(on scheme for any process at NNLO 

•  No(ce: did not discuss single‐real radia(on because no special 
   treatment needed 


